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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to improved oil soluble 
polymeric dispersant additives useful in oleaginous 
compositions, particularly oleaginous lubricating oil 
compositions, which additives are derived from grafted 
polymers of an isomonoolefin and an alkylstyrene. The 
additives comprise copolymers functionalized at reac- 
tive sites on the polymer chains (free-radically grafted) 
with acid-producing moieties, which may then be react- 
ed with a nucleophilic post-treating reactant, and, where 
appropriate, with a chain -stopping or end-capping co- 
reactant to ensure that the grafted and post-reacted 
product mixture is gel-free. 

[0002] Ashless ester and nitrogen containing lubricat- 
ing oil dispersants have been widely used by the indus- 
try. Typically, these dispersants are prepared from a 
long chain hydrocarbon polymer, such as polyisobuty- 
lene (PIB) by reacting the polymer with maleic anhydride 
to form the corresponding polymer which is substituted 
with succinic anhydride groups. Such PIB generally con- 
tains residual unsaturation in amounts of about one eth- 
ylenic double bond per polymer chain, positioned along 
the chain! 

[0003] The polyisobutylene polymers (PIB) employed 
in most conventional dispersants are based on a hydro- 
carbon chain of a number-average molecular weight 
(M n ) of from about 900 to 2500. PIB having a M n of less 
than about 300 gives rather poor performance results 
when employed in dispersants because the molecular 
weight is insufficient to keep the dispersant molecule ful- 
ly solubilized in lubricating oils. Increased amounts of 
terminal ethylenic unsaturation in polyisobutylene (so- 
called "reactive polyisobutylene") has been achieved by 
BF 3 catalyzed polymerization of isobutylene. However, 
such reactive polyisobutylene materials can still contain 
substantial amounts of unsaturation elsewhere along 
the chain. Further, it is difficult to produce such reactive 
polyisobutylene polymers at molecular weights of great- 
er than about 2,000. 

[0004] Other polymers, such as ethylene-alpha-olefin 
(EAO) interpolymers, (e.g., ethylene-propylene copoly- 
mers and terpolymers containing non-conjugated 
dienes), have been disclosed as suitable polymers for 
the preparation of ashless dispersants. High molecular 
weight EAO copolymers and terpolymers, e.g., of from 
20,000 to 300,000, find use as viscosity index improv- 
ers. 

[0005] EP-A-171167 discloses a process for grafting 
oil soluble hydrocarbon polymers or copolymers of M n 
from 5,000 to 500,000 with an ethylenically unsaturated 
C 3 -C 10 carboxylic acid having 1 to 2 carboxylic acid 
groups or an anhydride group in the presence of a free 
radical initiator and a chain stopping agent. 
[0006] US-A- 4557847 teaches polymeric viscosity in- 
dex improver-dispersant additives for lubricating oils 



produced by reacting an ethylene-alpha-olefin copoly- 
mer grafted with an ethylenically unsaturated carboxylic 
material having 1 or 2 carboxylic acid groups or anhy- 
dride groups, preferably maleic anhydride, with an 
5 alkylene or oxyalkylene amine having at least two pri- 
mary amine groups and a branched chain acid. The eth- 
ylene-alpha-olefin copolymer has a M n of from 5,000 to 
500,000. 

[0007] EP-A-0 674 671 discloses gel-free dispersant 
10 additives for lubricating and fuel oil compositions com- 
prising at least one adduct of (A) alpha-olefin homopol- 
ymer or interpolymer of 700 to 1 0,000 ffl n , free radically 
grafted with an average of from about 0.5 to about 5 car- 
boxylic acid producing moieties per polymer chain, and 
15 (B) at least one non-aromatic nucleophilic post-treating 
reactant. 

[0008] Copolymers of isomonoolefms and alkylsty- 
rene are known. See, for example, European Patent Ap- 
plication 89 305 395.9 filed May 26, 1989 (Publication 
20 No. 0344021 published November 29, 1989). 

[0009] U.S. Patent 3,236,91 7 discloses an elastomer 
of an ethylene and a higher alpha olefin crosslinked with 
an unsaturated acid or anhydride. 
[0010] U.S. Patent 3,862,265 discloses a process for 
25 modifying polymers in the molten phase in an extruder. 
[0011] It has now been found that certain copolymers 
of an isoolefin and a para-alkylstyrene can be grafted 
with specified unsaturated organic compounds to pro- 
duce novel grafted polymers which are additionally use- 
30 ful for producing additives for fuels and lubricants. 

SUMMARY OF THE INVENTION 

[0012] In accordance with the invention there is pro- 

35 vided a grafted polymer derived from: (A) a copolymer 
selected from the group consisting of a copolymer of a 
C 4 to C 7 isomonoolefin and a para-alkylstyrene, a hal- 
ogen-containing copolymer of a C 4 to C 7 isomonoolefin 
and a para-alkylstyrene, and mixtures thereof, and (B) 

40 an unsaturated organic compound selected from the 
group consisting of an unsaturated carboxylic acid, an 
unsaturated carboxylic acid anhydride, amide, imide 
and ester and mixtures thereof, wherein said grafted 
polymer has a number average molecular weight of less 

45 than 25,000. In another aspect of the invention there is 
provided an oil-soluble functionalized and grafted 
isomonoolefin-para-alkylstyrene copolymer composi- 
tion prepared by functionalizing a starting copolymer 
having a number average molecular weight of 700 to 

so 10,000, preferably from 800 to 5,500, e.g., 1,000 to 
3,000. 

[0013] The functionalized and grafted copolymers 
may be further reacted with at least one nucleophilic 
post-treating reactant selected from (i) amines contain- 
55 ing only a single reactive amino group per molecule, (ii) 
alcohols containing only a single hydroxy group per mol- 
ecule, (iii) polyamines containing at least two reactive 
amino groups per molecule, (iv) polyols containing at 
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least two reactive hydroxy groups per molecule, (v) ami- 
noalcohols containing at least one reactive amino group 
and at least one reactive hydroxy group per molecule, 
and (vi) mixtures of (i) to (v); provided that when said 
post-treating reactant includes one or more of (iii), (iv) 5 
or (v), the reaction between the functionalized and graft- 
ed copolymer and the post-treating reactant is conduct- 
ed in the presence of sufficient chain-stopping or end- 
capping co-reactant to ensure that the functionalized, 
grafted and post-reacted product mixture is gel-free. 10 
[001 4] Further embodiments of the polymer composi- 
tion are described in the dependent claims. 
[001 5] The process of this invention permits the prep- 
aration of particularly useful lubricating oil and fuel dis- 
persant additives. In addition, the process of the present 15 
invention can produce such dispersant additives as sub- 
stantially halogen free materials, thereby reducing the 
corrosivity, processing difficulties and environmental 
concerns which are associated with halogen-containing 
lubricating oil additives. 20 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The grafted polymers of the present invention 
are reaction products of a copolymer (Reactant A) and 25 
an unsaturated organic compound (Reactant B). 

Reactant A - The Copolymer 

[001 7] Suitable copolymers of a C 4 to C 7 isomonoole- 30 
fin and a para-alkylstyrene which may be a mono or a 
polypara-alkylstyrene, for use as a reactant to produce 
the polymers of the present invention composition com- 
prise at least 0.5 weight percent of the alkylstyrene moi- 
ety. For the uses contemplated herein, the alkylstyrene 35 
moiety may range from 0.01 weight percent to 20 weight 
percent, preferably from 0.05 to 1 5 weight percent, more 
preferably from 0.1 to 15 weight percent, for example 
from 0.5 to 10 weight percent of the copolymer. The pre- 
ferred copolymers are copolymers of a C 4 to C 7 isomo- ^ 
noolefin and a para-alkylstyrene. 
[0018] The copolymers of the isomonoolefin and 
para-alkylstyrene monomers suitable as reactant A of 
the present invention include copolymers of isomo- 
noolefin having from 4 to 7 carbon atoms and a para- <5 
alkylstyrene, such as those described in European pat- 
ent application 89305395.9 filed May 26, 1989, (Publi- 
cation No. 0344021 published November 29, 1989). The 
copolymers have a substantially homogeneous compo- 
sitional distribution and include the para-alkylstyrene 50 
comonomers represented by the formula: 
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R, 

in which R and R 1 are independently selected from the 
group consisting of hydrogen, alkyl preferably having 
from 1 to 5 carbon atoms, primary haloalkyl, secondary 
haloalkyl preferably having from 1 to 5 carbon atoms, 
and mixtures thereof. 

[0019] The preferred isomonoolefin comprises iso- 
butylene. The preferred para-alkylstyrene comprises 
para-methylstyrene. Suitable copolymers of an isomo- 
noolefin and a para-alkylstyrene include copolymers 
which when grafted according to the invention have a 
number average molecular, weight (Mn) of less than 
25,000, preferably less than 24,000. The polymers em- 
ployed in this invention generally possess a Mn of 700 
to 1 0,000 (e.g., 1 ,000 to 8,000), preferably 800 to 5,500; 
more preferably 1,000 to 3,000 (e.g., 1,500 to 2,500). 
Polymers having a Mn weight of 700 to 5,000 (e.g., 
1,000 to 3,000) are particularly useful in the present in- 
vention. The Mn for such polymers can be determined 
by several known techniques such as size exclusion 
chromatography (also known as gel permeation chro- 
matography (GPC)) which also provides molecular 
weight distribution information. The copolymers also, 
preferably have a ratio of weight average molecular 
weight (Mw) to number average molecular weight (Mn), 

1. e., Mw/Mn of less than 6, preferably less than about 4, 
more preferably less than 2.5, most preferably less than 

2. The brominated copolymer of the isoolefin and para- 
alkylstyrene obtained by the polymerization of these 
particular monomers under certain specific polymeriza- 
tion conditions now permit one to produce copolymers 
which comprise the direct reaction product (that is, in 
their as-polymerized form), and which have unexpect- 
edly homogeneous uniform compositional distributions. 
Thus, by utilizing the polymerization and bromination 
procedures set forth herein, the copolymers suitable for 
the practice of the present invention can be produced. 
These copolymers demonstrate substantially homoge- 
neous compositional distributions or compositional uni- 
formity over the entire range of compositions thereof. At 
least 95 weight percent of the copolymer product has a 
para-alkylstyrene content within. 10 wt. percent, and 
preferably within 7 wt. percent, of the average para- 
alkylstyrene content for the overall composition, and 
preferably at least 97 wt. percent of the copolymer prod- 
uct has a para-alkylstyrene content within 1 0 wt. percent 
and preferably within 7 wt. percent, of the average para- 
alkylstyrene content for the overall composition. This 
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substantially homogeneous compositional uniformity 
thus particularly relates to the intercompositional distri- 
bution. That is, with the specified copolymers, as be- 
tween any selected molecular weight fraction the per- 
centage of para-alkylstyrene therein, or the ratio of para- 5 
alkylstyrene to isoolefin, will be substantially the same, 
in the manner set forth above. 

[0020] In addition, since the relative reactivity of para- 
alkylstyrene with isoolefin such as isobutylene is close 
to one, the intracompositional distribution of these co- 10 
polymers will also be substantially homogeneous. That 
is, these copolymers are essentially random copoly- 
mers, and in any particular polymer chain the para-alkyl- 
styrene and isoolefin units will be essentially randomly 
distributed throughout that chain. is 
[0021] Suitable halogen-containing copolymers of a 
C 4 to C 7 isomonoolefin and a para-alkylstyrene for use 
as reactant A to produce the polymers of the present 
invention include the halogen-containing copolymers 
corresponding to the previously described isomonoole- 20 
fin - para-alkylstyrene copolymers which may be ob- 
tained by halogenating the previously described copol- 
ymers. The halogen content of the halogenated copol- 
ymers may range from above zero to 7.5 weight percent, 
preferably from 0.01 to 5.0 weight percent. 25 
[0022] The preferred halogen-containing copolymers 
useful in the practice of the present invention have a 
substantially homogeneous compositional distribution 
and include the para-alkylstyrene moiety represented 
by the formula: 30 
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R — C -X 



in which R and R 1 are independently selected from the 
group consisting of hydrogen, aikyl preferably having 
from 1 to 5 carbon atoms, primary haloalkyl, secondary 45 
haloalkyl preferably having from 1 to 5 carbon atoms, 
and mixtures thereof and X is selected from the group 
consisting of bromine, chlorine and mixtures thereof, 
such as those disclosed in European patent application 
8930595.9 filed May 26 1 989, (Publication No. 0344021 50 
published November 29, 1989). Preferably, the halogen 
is bromine. 

[0023] Various methods may be used to produce the 
copolymers of isomonoolefin and para-alkylstyrene, as 
described in said European publication. Preferably, the 55 
polymerization is carried out continuously in a typical 
continuous polymerization process using a baffled tank- 
type reactor fitted with an efficient agitation means, such 
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as a turbo mixer or propeller, and draft tube, external 
cooling jacket and internal cooling coils or other means 
of removing the heat of polymerization, inlet pipes for 
monomers, catalysts and diluents, temperature sensing 
means and an effluent overflow to a holding drum or 
quench tank. The reactor is purged of air and moisture 
and charged with dry, purified solvent or a mixture of 
solvent prior to introducing monomers and catalysts. 
Reactors which are typically used in butyl rubber polym- 
erization are generally suitable for use in a polymeriza- 
tion reaction to produce the desired para-alkylstyrene 
copolymers suitable for use in the process of the present 
invention. The polymerization temperature may range 
from 0°C to -100°C, preferably from -10 to -80°C. The 
process for producing the copolymers can be earned out 
in the form of a slurry of polymer formed in the diluents 
employed, or as a homogeneous solution process. The 
use of a slurry process is, however, preferred for higher 
molecular weight copolymers, since in that case, lower 
viscosity mixtures are produced in the reactor and slurry 
concentration of up to 40 wt. percent of copolymer are 
possible. 

[0024] The copolymers of isomonoolefins and para- 
alkylstyrene may be produced by admixing the isomo- 
noolefin and the para-alkylstyrene in a copolymerization 
reactor under copolymerization conditions in the pres- 
ence of a diluent and a Lewis acid catalyst Typical ex- 
amples of the diluents which may be used alone or in a 
mixture include propane, butane, pentane, cyclopen- 
tane, hexane, toluene, heptane, isooctane, etc., and 
various halohydrocarbon solvents which are particularly 
advantageous herein, including methylene chloride, 
chloroform, carbon tetrachloride, methyl chloride, with 
methyl chloride being particularly preferred. 
[0025] An important element in producing the copol- 
ymer is the exclusion of impurities from the polymeriza- 
tion reactor, namely, impurities which, if present, will re- 
sult in catalyst poisoning or excessive or variable mo- 
lecular weight depression complexing with the catalyst 
or copolymerization with the isomonoolefins or the para- 
alkylstyrene, which in turn will prevent one from produc- 
ing the para-alkylstyrene copolymer product useful in 
the practice of the present invention. Most particularly, 
these impurities include the catalyst poisoning material, 
moisture and other copolymerizable monomers, such 
as, for example, meta-alkylstyrenes. These impurities 
should he kept out of the system. In producing suitable 
copolymers, it is preferred that the para-alkylstyrene be 
at least 95.0 wt. percent pure, preferably 97.5 wt. per- 
cent pure, most preferably 99.5 wt. percent pure and 
that the isomonoolefin be at least 99.5 wt. percent pure, 
preferably at least 99.8 wt. percent pure and that the 
diluents employed be at least 99 wt. percent pure, and 
preferably at least 99.8 wt. percent pure. 
[0026] The most preferred Lewis acid catalysts are 
ethyl aluminum dichloride and preferably mixtures of 
ethyl aluminum dichloride with diethyl aluminum chlo- 
ride. The amount of such catalysts employed will de- 
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pend on the desired molecular weight and the desired 
molecular weight distribution of the copolymer being 
produced, but will generally range from 20 ppm to 1 wt. 
percent and preferably from 0.01 to 0.2 wt. percent, 
based upon the total amount of monomer to be polym- 5 
erized. 

[0027] Halogenation of the polymer can he carried out 
In the bulk or undiluted phase (e.g., melt or fluid phase) 
or either in solution or in a finely dispersed slurry. Bulk 
halogenation can be effected in an extruder, or other in- 10 
ternal mixer, particularly if the copolymer molecular 
weight is sufficiently high, suitably modified to provide 
adequate mixing and for handling the halogen and cor- 
rosive by-products of the reaction. The details of such 
bulk halogenation processes are set forth in U.S. Patent *5 
No. 4,548,995. 

[0028] Suitable solvents for solution halogenation in- 
clude the low boiling hydrocarbons (C 4 to C 7 ) and hal- 
ogenated hydrocarbons. Since the high boiling point of 
para-methylstyrene makes its removal by conventional 20 
distillation impractical, and since it is difficult to com- 
pletely avoid solvent halogenation, it is very important 
where solution or slurry halogenation is to be used that 
the diluent and halogenation conditions be chosen to 
avoid diluent halogenation, and that residual para-meth- 25 
ylstyrene has heen reduced to an acceptable level. With 
halogenation of para-methylstyrene/isobutylene copol- 
ymers, it is possible to halogenate the ring carbons, but 
the products are rather inert and of little interest. How- 
ever, it is possible to introduce halogen desired function- 30 
ality into the para-methylstyrene / isobutylene copoly- 
mers hereof in high yields and under practical conditions 
without obtaining excessive polymer breakdown, cross- 
linking or other undesirable side reactions. It should be 
noted that radical brominatlon of the enchained para- 35 
methylstyryl moiety in the copolymers for the practice of 
this invention can be made highly specific with almost 
exclusive substitution occurring on the paramethyl 
group, to yield the desired benzylic bromine functional- 
ity. The high specificity of the bromination reaction can *o 
thus be maintained over a broad range of reaction con- 
ditions, provided, however, that factors which would pro- 
mote the ionic reaction route are avoided (i.e., polar dilu- 
ents, Friedel-Crafts catalysts, etc.) 

[0029] Thus, solutions of the suitable para-methylsty- 45 
rene /isobutylene copolymers in hydrocarbon solvents 
such as pentane, hexane or heptane can be selectively 
brominated using light, heat, or selected radical initia- 
tors (according to conditions, i.e., a particular radical in- 
itiator must be selected which has an appropriate half- 50 
life for the particular temperature conditions being uti- 
lized, with generally longer half-lives preferred at warm- 
er halogenation temperatures) as promoters of radical 
halogenation, to yield almost exclusively the desired 
benzylic bromine functionality, via substitution on the 55 
para-methyl group, and without appreciable chain scis- 
sion and/or cross-linking. 

[0030] This reaction can be initiated by formation of a 
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bromine atom, either photochemically or thermally (with 
or without the use of sensitizers), or the radical initiator 
used can be one which preferentially reacts with a bro- 
mine molecule rather than one which reacts indiscrimi- 
nately with bromine atoms, or with the solvent or poly- 
mer (i.e., via hydrogen abstraction). The sensitizers re- 
ferred to are those photochemical sensitizers which will 
themselves absorb lower energy photons and disasso- 
ciate, thus causing, in turn, disassociation of the bro- 
mine, including materials such as iodine. It is, thus, pre- 
ferred to utilize an initiator which has a half life of be- 
tween 0.5 and 2500 minutes under the desired reaction 
conditions, more preferably 10 to 300 minutes. The 
amount of initiator employed will usually vary between 
0.02 and 1 percent by weight on the copolymer, prefer- 
ably between 0.02 and 0.3 percent. The preferred initi- 
ators are bis azo compounds, such as azo bis isobuty- 
ronitrile (AIBN), azo bis (2,4 dimethyl valero) nitrile, azo 
bis (2 methyl butyro) nitrile, and the like. Other radical 
initiators can also be used, but it is preferred to use a 
radical initiator which is relatively poor at hydrogen ab- 
straction, so that it reacts preferentially with the bromine 
molecules to form bromine atoms rather than with the 
copolymer or solvent to form alkyl radicals. In those cas- 
es, there would then tend to be resultant copolymer mo- 
lecular weight loss, and promotion of undesirable side 
reactions, such as cross-linking. The radical bromina- 
tion reaction of the copolymers of para-methylstyrene 
and isobutylene can be highly selective, and almost ex- 
clusively produces the desired benzylic bromine func- 
tionality. Indeed, the only major side reaction which ap- 
pears to occur is disubstitution at the para-methyl group, 
to yield the dibromo derivative, but even this does not 
occur until more than 60 percent of the enchained para- 
methylstyryl moieties have been monosubstituted. 
Hence, any desired amount of benzylic bromine func- 
tionality in the monobromo form can be introduced into 
the above stated copolymers, up to 60 mole percent of 
the para-methylstyrene content. 
[0031 ] It is desirable that the termination reactions be 
minimized during bromination, so that long, rapid radical 
chain reactions occur, and so that many benzylic bro- 
mines are introduced for each initiation, with a minimum 
of the side reactions resulting from termination. Hence, 
system purity is important, and steady-state radical con- 
centrations must be kept low enough to avoid extensive 
recombination and possible cross-linking. The reaction 
must also be quenched once the bromine is consumed, 
so that continued radical production with resultant sec- 
ondary reactions (in the absence of bromine) do not then 
occur. Quenching may be accomplished by cooling, 
turning off the light source, adding dilute caustic, the ad- 
dition of a radical trap, or combinations thereof. 
[0032] Since one mole of HBr is produced for each 
mole of bromine reacted with or substituted on the en- 
chained para-methylstyryl moiety, it is also desirable to 
neutralize or otherwise remove this HBr during the re- 
action, or at least during polymer recovery in order to 
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prevent it from becoming involved in or catalyzing un- 
desirable side reactions. Such neutralization and re- 
moval can be accomplished with a post-reaction caustic 
wash, generally using a molar excess of caustic on the 
HBr. Alternatively, neutralization can be accomplished 5 
by having a particulate base (which is relatively non-re- 
active with bromine) such as calcium carbonate powder 
present in dispersed form during the bromination reac- 
tion to absorb the HBr as it is produced. Removal of the 
HBr can also be accomplished by stripping with an inert 10 
gas (e.g., N 2 ) preferably at elevated temperatures. 
[0033] The brominated, quenched, and neutralized 
para-methylstyrene / isobutylene copolymers can be re- 
covered and finished using conventional means for pol- 
ymers of the molecular weights herein to yield highly de- *5 
sirable and versatile functional saturated copolymers. 
[0034] In summary, halogenation to produce a copol- 
ymer useful in the present invention is preferably ac- 
complished by halogenating an isobutylene-para-meth- 
ylstyrene copolymer using bromine in a normal alkane 20 
(e.g., hexane or heptane) solution utilizing a bis azo in- 
itiator, e.g., AIBN or VAZO® 52: 2,2'-azobis(2,4-dimeth- 
ylpentane nitrite), at 55 to 80°C for a time period ranging 
from 4.5 to 30 minutes, followed by a caustic quench. 
The recovered polymer is washed in basic water wash 25 
and water/isopropanol washes, recovered, stabilized 
and dried. 

Reactant B - The Unsaturated Organic Compound 

[0035] Suitable unsaturated organic compound for 
use as reactant with the copolymer include unsaturated 
carboxylic acids, unsaturated carboxylic acid deriva- 
tives and mixtures thereof. The carboxylic acid may be 
a mono or polycarboxylic acid, preferably having from 3 35 
to 1 2 carbon atoms. By way of example, the unsaturated 
carboxylic acid may be maleic acid, fumaric acid, citra- 
conic acid, mesaconic acid, itaconic acid, himic acid, 
acetylenedicarboxylic acid and mixtures thereof. The 
preferred carboxylic acid is maleic acid. The unsaturat- 40 
ed carboxylic acid derivative may be a cyclic acid anhy- 
dride, an amide, an imide, an ester and mixtures thereof. 
Suitable cyclic acid anhydrides include maleic anhy- 
dride, citraconic anhydride, itaconic anhydride, and him- 
ic anhydride. The preferred anhydride is maleic anhy- 45 
dride. 

[0036] Suitable esters include mono- and di-esters of 
diacids specified above, e.g. monomethyl maleate, 
dimethyl maleate, diethyl maleate, diphenyl maleate, 
dibutyl fumarate. so 
[0037] Suitable amides include mono- and di-amides 
of diacids specified above, e.g. maleamicacid, N-meth- 
ylmaleamic acid, maleanilic acid. 
[0038] Suitable imides include imides of diacids spec- 
ified above, e.g. maleimide, N-methylmaleimide, N-phe- 55 
nylmaleimide. 

[0039] The preferred carboxylic acid derivatives are 
selected from the group consisting of maleic anhydride, 
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a dialkyl maleate, itaconic anhydride, himic anhydride, 
an alkylmaleamide, an N-alkylmaleimide, an alkyl- 
maleate and mixtures thereof. 
[0040] Component (B) may be present in the grafted 
polymer of the present invention in an amount ranging 
from 0.5 to 0.0001 millimole (mmole) per gram, prefer- 
ably from 0.15 to 0.0002 mmole per gram, more prefer- 
ably from 0.10 to 0.0002 mmole per gram of the grafted 
polymer product. 

The Process 

[0041] The grafted copolymers of the present inven- 
tion are prepared by reacting a copolymer, Reactant A 
previously described, with an unsaturated organic com- 
pound, Reactant B previously described, in the pres- 
ence of a free radical initiator at grafting reaction condi- 
tions in a reaction zone. The copolymer of isobutylene 
and a para-alkylstyrene or the corresponding halogen- 
ated copolymer (Reactant A) is contacted with Reactant 
B in the presence of a free radical initiator which may 
be a chemical compound or radiation. Suitable free rad- 
ical initiators include (1) thermally decomposable com- 
pounds which generate radicals such as azo com- 
pounds or organic peroxides; (2) compounds which 
generate free radicals by non-thermal methods such as 
photochemical or redox processes; (3) compounds 
which have inherent radical character such as molecular 
oxygen; or (4) electromagnetic radiation such as Y-rays, 
electron beams, visible light, and ultraviolet-light. Suit- 
able organic peroxide compounds include hydroperox- 
ides, dialkyl peroxides, dlacyl peroxides, peroxyesters, 
peroxydicarbonates, peroxyketals, ketone peroxides 
and organosulfonyl peroxides. Preferably, the free rad- 
ical initiator is an organic peroxide compound having a 
half-life, at the reaction temperature, of less than one 
tenth of the reaction/residence time employed. 
[0042] The resulting grafted polymer is characterized 
by having carboxylic acid (or ester or anhydride) moie- 
ties randomly attached along the polymer chains on the 
para-alkylstyrene moiety; it being understood, of 
course, that some of the poiymer chains remain ungraft- 
ed to the extent that there are chains that, as a result of 
the random copolymerization, do not contain para-alkyl- 
styrene. The unreacted polymer typically is not removed 
from the reaction mixture (because such removal is dif- 
ficult and would be commercially infeasible) and the 
product mixture, stripped of any monounsaturated car- 
boxylic reactant, is employed for further reaction with at 
least one nucleophilic reactant, i.e., amine, alcohol or 
aminoalcohol, and sometimes with end-capping reac- 
tant, as described more fully hereinafter, to make the 
dispersant additives of this invention. 
[0043] Characterization of the average number of 
moles of monounsaturated carboxylic reactant which 
have reacted per mole of copolymer charged to the re- 
action (whether such copolymer has undergone reac- 
tion or not) is defined herein as functionality, and such 
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functionality is based upon (i) determination of the sa- 
ponifcation number of the resulting product mixture us- 
ing potassium hydroxide; and (ii) the M n of the polymer 
charged, using techniques well known in the art. Func- 
tionality is defined solely with reference to the resulting 
product mixture. Although the amount of said reacted 
polymer contained in the resulting product mixture can 
be subsequently modified, i.e. increased or decreased 
by techniques known in the art, such modifications do 
not alter functionality as defined above. The terms 
"grafted isoolefin-para-alkylstyrene copolymer", "func-, 
tionalized and grafted copolymers", "grafted copoly- 
mers" or the like, are intended to refer to the product 
mixture whether it has undergone such modification or 
not. Accordingly, the functionality of the isoolefin-para- 
alkylstyrene copolymer, which has been functionalized 
(selectively at para-alkylstyrene sites) with the monoun- 
saturated carboxylic reactant, will be typically at least 
0.5, preferably at least 0.8, and most preferably at least 
0.9, and will vary typically from 0^5 to 5 (e.g, 0.6 to 4), 
preferably from 0.9 to 3. 

[0044] The grafted polymer composition of the inven- 
tion functionalized with a compound selected from un- 
saturated carboxylic acid, unsaturated carboxylic acid 
anhydride, amide, imide and ester and mixtures thereof, 
may be further functionalized so as to include at least 
one group selected from the group consisting of: 

(a) alkyl phenol and substituted alkyl phenol; 

(b) C 3 to C 10 monocarboxylic acid, to C 5 alcohol 
derived mono-or diester derivatives of said C 3 to 
C 10 monocarboxylic acid; 

(c) C 4 to C 10 dicarboxylic acid or anhydride; 

(d) C 1 to C 5 alcohol derived mono- or diester deriv- 
atives of said C 4 to C 10 dicarboxylic acid; and 

(e) oxycarboxyl, carbonyl, formylcarbonyl, epoxy 
and hydroxy groups. 

[0045] When the free radical initiator is a compound, 
suitable molar ratio of free radical initiator compound to 
Reactant B may range from 0.001:1 to 1:1, preferably 
from 0.01:1 to 0.1:1. Desirably, the molar amount of Re- 
actant B expressed in mmoles per gram, in the contact- 
ing zone may be 1 to 1 0 times the molar amount of these 
components as is desired in the final grafted copolymer. 
Thus, when the molar amount of B in the grafted copol- 
ymer is 0.01 mmoles per gram of product polymer, the 
amount of B introduced in the reactant zone is suitably 
from about 0.01 to about 0.1 mmoles per gram of com- 
ponent A plus component B present in the reactant mix- 
ture. 

[0046] The grafting reaction may be conducted in the 
absence of a diluent or in the present of a diluent. When 
a diluent is present in the reaction zone, suitable diluents 
include saturated aliphatic hydrocarbons, aromatic hy- 
drocarbons, and perhalogenated hydrocarbons. Prefer- 
ably, free-radical initiated grafting would be accom- 
plished in a mineral lubricating oil solution containing, 



e.g, 1 to 50, preferably 5 to 30 wt % polymer based on 
the initial total oil solution. 

[0047] The grafting reaction temperature is chosen to 
be appropriate for the initiator used. Suitable reaction 

5 conditions include a temperature ranging from 0°C to 
300°C. The suitable reaction temperature will vary ac- 
cording to the free radical initiator used. When an azo 
compound is used as the initiator, suitable temperatures 
will generally range from 25 to 100°C, When an organic 

10 peroxide is used as initiator, suitable temperatures 
range from 25 to 250°C. Higher temperatures may be 
used for other types of free radical initiators. When the 
reaction is conducted in the presence of a diluent, i.e. 
solution processes, the reaction temperature will gener- 

*5 ally be below 1 50°C. For bulk phase processes, the re- 
action temperature may range from 25° such as in con- 
ventional electron beam irradiation equipment to 250°C 
such as in polymer mixing equipment. The process for 
producing the grafted polymers of the present invention 
20 may be conducted as a batch process or as a continu- 
ous process. 

[0048] The reaction is performed in a suitable reaction 
zone which may be a polymer mixing device such as a 
tubular reactor, a single or multiple screw extruder and 
25 the like for melt phase polymers or a glass flask, metal 
tank or tube when the process is conducted in the pres- 
ence of a diluent. 

[0049] When the fluid copolymer itself is the reaction 
medium, uniform dispersion of the grafting agent and of 

30 the initiator is preferably performed by predispersion or 
by the incorporation of suitable mixing elements into the 
reactor (e.g., incorporation of mixing screw sections in 
an extruder, stirred tank or tubular reactor). When elec- 
tromagnetic radiation is used, dispersion of the initiator 

35 will include uniform exposure of all parts of the copoly- 
mer or copolymer solution to the beam. 
[0050] In a preferred embodiment, the grafting proc- 
ess to produce the grafted polymer of the invention is 
carried out in mixing device which will (i) mix and heat 

<o the copolymer by shear and compression to or close to 
the desired reaction temperature, (ii) mix the copolymer 
at or close to reaction temperature with the grafting 
agent, (iii) mix the copolymer containing the grafting 
agent with the initiator, (iv) allow appropriate residence 

45 time for the grafting reaction, (v) allow venting of unre- 
acted grafting agent and initiator coproducts, (vi) allow 
mixing of any desired additional additives or reactants 
and (vii) deliver the reacted copolymer to an appropriate 
finishing device (e.g. drumming device, baler, pelletizer, 

so etc.). 

[0051] The isomonoolefin para-alkylstyrene copoly- 
mers of this invention which are charged to the reaction 
zone can be charged alone or together with (e.g., in ad- 
mixture with) other polyalkenes derived from alkenes 
55 having from 1 to 20 carbon atoms (butene, pentene, oc- 
tene, decene, dodecene, tetradodecene and the like) 
and homopolymers of C 3 to C 10 , e.g., C 2 to C 5 , monoole- 
fins, and copolymers of C 2 to C 10 , e.g., C 2 to C 5 , mo- 
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noolefins, said additional polymer having a M n of at least 
about 900, and a molecular weight distribution of less 
than about 4.0, preferably less than 3.0 (e.g., from 1.2 
to 2.8). Preferred such additional olefin polymers com- 
prise a major molar amount of C 2 to C 10 , e.g. C 2 to C 5 
monoolefin. Such olefins include ethylene, propylene, 
butylene, isobutylene, pentene, octene-1, styrene, etc. 
Exemplary of the additionally charged homopolymers is 
polypropylene, polyisobutylene, and poly-n-butene as 
well as interpolymers of two or more of such olefins such 
as copolymers of: ethylene and propylene (prepared by 
conventional Ziegler-Natta methods as well as by the 
newer metallocene catalyzed polymerization methods, 
that is, ethylene-propylene or ethylene-butene-1 copol- 
ymers which are substantially saturated, (wherein less 
than about 10 wt. % of the polymer chains contain eth- 
ylene unsaturation) as well as those in which substan- 
tially each polymer chain is terminally unsaturated; buty- 
lene and isobutylene; propylene and isobutylene; etc. 
Other copolymers include those in which a minor molar 
amount of the copolymer monomers, e.g., 1 to 10 mole 
%, is a C 4 to C 18 non-conjugated diolefin, e.g., a copol- 
ymer of isobutylene and butadiene; etc. The additional 
such olefin polymers charged to the reaction will usually 
have M n of at least about 700, more generally 
1,200-5,000, more usually 1,500-4,000; particularly 
1 ,500 to 3,000 with approximately one double bond per 
chain. An especially useful additional such polymer is 
terminally unsaturated ethylene-alpha-olefin copolymer 
(e.g., ethylene-butene-1 ) and/or polyisobutylene. 

Nucleophilic Post-Treating Reactants 

[0052] The isomonoolefin / para-alkylstyrene copoly- 
mer substituted (i.e., selectively functionalized and ran- 
domly grafted) with carboxylic acid producing moieties, 
i.e., acid, anhydride or ester moieties, prepared as de- 
scribed above, can be further reacted with at least one 
suitable nucleophilic post-treating reactant to form the 
novel dispersants of this invention. Such nucleophilic 
post-treating reactant is selected from (i) amines con- 
taining only a single reactive amino group per molecule, 
(ii) alcohols containing only a single hydroxy group per 
molecule, (iii) polyamines containing at least two reac- 
tive amino groups per molecule, (iv) polyols containing 
at least two reactive hydroxy groups per molecule, (v) 
aminoalcohols containing at least one reactive amino 
group and at least one reactive hydroxy group per mol- 
ecule, and (vi) mixtures of (i) to (v); provided that when 
said post-treating reactant includes one or more of (iii), 
(iv) or (v), the reaction between the functionalized and 
grafted copolymer and the post-treating nucleophilic re- 
actant is conducted in the presence of sufficient chain- 
stopping or end-capping co-reactant to ensure that the 
functionalized, grafted and post-reacted product mix- 
ture is gel-free. 

[0053] The post-treating reactants of group (i), i.e. the 
amines having a single reactive amino group, generally 



comprise from 2 to 60, preferably 2 to 40 (e.g. 3 to 20), 
total carbon atoms and 1 to 12, preferably 2 to 12, and 
most preferably 2 to 6 nitrogen atoms in the molecule. 
These amines may be hydrocarbyl amines or may in- 

5 elude other groups, e.g., alkoxy groups, amide groups, 
nitrile, imidazoline groups, morpholine groups and the 
like. The amines of group (i) may contain only one re- 
active (primary or secondary) amino group, and no other 
reactive groups may be present. As used in this disclo- 

10 sure, the term "reactive groups" is meant to describe nu- 
cleophilic groups, such as primary or secondary amino 
groups or hydroxy groups, which may react with the car- 
boxylic acid producing moieties attached to the isomo- 
noolefin copolymer, e.g., ester, amide, imide, oxazoline, 

15 etc., linkages. By using an amine having only a single 
reactive group as the nucleophilic reactant, cross-link- 
ing between the carboxylic acid (anhydride or ester) 
groups of the substituted isomonoolefin copolymer will 
be avoided. Polyamines containing a single primary 

20 amino group and 1 or more tertiary amino groups, such 
as N-(3-aminopropyl)morpholine, are the preferred 
amines of group (i). 

[0054] Examples of group (i) amine compounds in- 
clude N-(2-aminoethyl)morpholine; N.N-dimethylethyl- 
25 enediamine; N,N-diethylethylenediamine; N,N-dime- 
thyl-1,3-propanediamine; and N-(aminomethyl ^pyrid- 
ine. 

[0055] The post-treating reactants in group (ii), i.e., al- 
cohols having a single reactive hydroxy group per mol- 

30 ecule, generally comprise from 4 to 8 carbon atoms and 
include, for example, C 4 -C 8 aliphatic alcohols such as 
butanol, pentanol and hexanol. The use of alcohols hav- 
ing less than 4 carbon atoms generally is to be avoided 
because of their high volatility. Alcohols having more 

35 than about 8 carbon atoms generally are to be avoided 
since it is difficult to remove unreacted higher molecular 
weight alcohols from the post-reacted product and since 
the presence of unreacted higher molecular weight al- 
cohols in the product mixture can result in dispersant 

40 additives having less favorable viscometric properties. 
[0056] The post-treating reactants of group (iii), i.e. 
polyamines containing at least two reactive amino 
groups per molecule, generally comprise from 2 to 60, 
preferably 2 to 40 (e.g. 3 to 20), total carbon atoms and 

45 2 to 12, preferably 2 to 9, and most preferably 3 to 9 
nitrogen atoms per molecule. These amines may be hy- 
drocarbyl amines or may be hydrocarbyl amines includ- 
ing other groups, e.g., alkoxy groups, amide groups, ni- 
trile, imidazoline groups, morpholine groups and the 

50 like. Preferred amines of group (iii) are aliphatic saturat- 
ed amines. The most preferred amines of the above type 
contain at least two primary amino groups and at least 
one, and preferably at least three, secondary amino 
groups. 

55 [0057] Examples of suitable amines of group (iii) in- 
clude: 1 ,2-diaminoethane; 1 ,3-diaminopropane; 1,4-di- 
aminobutane; polyethylene amines such as diethylene 
triamine; poly-propylene amines such as 1,2-propylene 
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diamine; propylene triamine; N,N-di-(2-aminoethyl) eth- 
ylene diamine; di-, and tri-tallow amines and mixtures 
thereof. Other useful group (iii) amines include: alicyclic 
diamines such as 1 ,4-di(aminomethyl) cyclohexane, 
and heterocyclic nitrogen compounds such as imidazo- 5 
lines, and N-aminoalkyl piperazines. Examples of such 
amines include 2-pentadecyl imidazoline; N-(2-aminoe- 
thyl) piperazine. Examples of such amines include 
2-pentadecyl imidazoline; N-(2-aminoethyl) piperazine; 
etc. 10 
[0058] Commercial mixtures of amines may advanta- 
geously be used. Low cost poly(ethyleneamines) com- 
pounds averaging about 5 to 7 nitrogen atoms per mol- 
ecule are available commercially under trade names 
such as "Polyamine H", "Polyamine 400", "Dow *5 
Polyamine E-100", etc. 

[0059] Useful group (iii) amines also include polyoxy- 
alkylene polyamines. The alkylene groups may be 
straight or branched chains containing 2 to 7, and pref- 
erably 2 to 4 carbon atoms. The polyoxyalkylene 20 
polyamines, preferably polyoxyalkylene diamines and 
polyoxyalkylene triamines, may have M n 's ranging from 
200 to 4000 and preferably 400 to 2000. The preferred 
polyoxyalkylene polyamines include the polyoxyethyl- 
ene and polyoxypropylene diamines and the polyoxy- 25 
propylene triamines having M n 's ranging from 200 to 
2000. The polyoxyalkylene polyamines are commercial- 
ly available and may be obtained, for example, from the 
Jefferson Chemical Company, Inc. under the trade 
name "Jeffamines D-230, D-400, D-1000, D-2000, T- 30 
403", etc. 

[0060] A particularly useful class of group (iii) amines 
comprise bis(p-amino cyclohexyl)methane (PACM) and 
oligomers and mixtures of PACM with isomers and ana- 
logs thereof containing on average, from 2 to 6 or higher 35 
(usually 3 to 4) cyclohexyl rings per PACM oligomer mol- 
ecule. The total nitrogen content of the PACM oligomers 
will comprise generally from 8 to 16 wt. %, and prefera- 
bly from 10 to 14 wt.%. The PACM oligomers can be 
obtained, e.g., by fractionation, or distillation, as a heav- <o 
ies by-product or bottoms from the PACM-containing 
product produced by high pressure catalytic hydrogen- 
ation of methylene-dianiline. The hydrogenation of 
methylene dianiline and the separation of PACM oligom- 
ers from the resulting hydrogenation product can be ac- 45 
complished by known means. 

[0061] Still another useful class of group (iii) amines 
are the polyamido and related amines, which comprise 
reaction products of a polyamine and an alpha, beta un- 
saturated compound. Any polyamine, whether aliphatic, 50 
cycloaliphatic, heterocyclic, etc., (but not aromatic) can 
be employed provided it is capable of adding across the 
acrylic double bond and amidifying with for example the 
carbonyl group of an acrylate-type compound or with a 
thiocarbonyl group of a thioacrylate-type compound. 55 
[0062] The polyamido groups can comprise alkyl, cy- 
cloalkyl, or heterocyclic, which can be substituted with 
groups which are substantially inert to any component 



of the reaction mixture under conditions selected for 
preparation of the amido-amine. Such substituent 
groups include hydroxy, halide (e.g., CI, F, I, Br), -SH 
and alkylthio. When one or more are alkyl, such alkyl 
groups can be straight or branched chain, and will gen- 
erally contain from 1 to 20, more usually from 1 to 10, 
and preferably from 1 to 4, carbon atoms. Illustrative of 
such alkyl groups are methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, dodecyi, tridecyl, hex- 
adecyl, octadecyl and the like. When one or more are 
cycloalkyl, the cycloalkyl group will generally contain 
from 3 to 12 carbon atoms, and preferably from 3 to 6 
carbon atoms. Illustrative of such cycloalkyl groups are 
cyclopropyl, cyclobutyl, cyclohexyl, cyclooctyl, and cy- 
clododecyl. When one or more are heterocyclic, the het- 
erocyclic group generally consists of a compound hav- 
ing at least one ring of 6 to 12 members in which one or 
more ring carbon atoms is replaced by oxygen or nitro- 
gen. Examples of such heterocyclic groups are furyl, 
pyranyl, pyridyl, piperidyl, dioxanyl, tetrahydrofuryl, 
pyrazinyl and 1 ,4-oxazinyl. Examples of the alpha, beta- 
ethylenically unsaturated carboxylate compounds are 
acrylic acid, methacrylic acid, the methyl, ethyl, isopro- 
pyl, n-butyl, and isobutyl esters of acrylic and methacryl- 
ic acids, 2-butenoic acid, etc. 

[0063] The alpha, beta ethylenically unsaturated car- 
boxylate thioester compounds may be employed. Ex- 
amples of such alpha, beta-ethylenically unsaturated 
carboxylate thioesters are methylmercapto 2-buten- 
oate, ethylmercapto 2-hexenoate, etc. 
[0064] The alpha, beta ethylenically unsaturated car- 
boxyamide compounds may be employed. Examples 
are 2-butenamide, 2-hexenamide, etc. 
[0065] The alpha, beta ethylenically unsaturated thi- 
ocarboxylate compounds may be employed. Examples 
are 2-butenthioic acid, 2-hexenthioic acid, etc. 
[0066] The alpha, beta ethylenically unsaturated 
dithioic acid and acid ester compounds may be em- 
ployed. Examples are 2-butendithioic acid, 2-hexen- 
dithioic acid, etc. 

[0067] The alpha, beta ethylenically unsaturated thi- 
ocarboxyamide compounds may be employed. Exam- 
ples are 2-butenthioamide, 2-hexenthioamide, 2-decen- 
thio-amide, 3-methyl-2-heptenthioamide, 3-methyl- 
2-butenthio-amide, 3-cyclohexyl-2-butenthioamide, 
2-methyl-2-butenthioamide, 2-propyl-2-propenthioam- 
ide, 2-isopropyl-2-hexenthioamide, 2,3-dimethyl- 
2-butenthio-amide, 3-cyclo-hexyl-2-methyl-2-penten- 
thioamide, N-methyl 2-butenthio-amide, N.N-diethyl 
2-hexenthioamide, N-isopropyl 2-decenthioamide, N- 
tertiary butyl 2-propenthioamide, N-octadecyl 2-propen- 
thioamide, N-N-didodecyl 2-decen-thioamide, N-cyclo- 
propyl 2,3-dimethyl-2-butenthioamide, 2-propenthioa- 
mide, 2-methyl-2-propenthioamide, 2-ethyl-2-propen- 
thioamide and the like. 

[0068] Preferred compounds for reaction with the 
polyamines in accordance with this invention are lower 
alkyl esters of acrylic and (lower alkyl) substituted acrylic 
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acid. In the preferred embodiments these compounds 
are acrylic and methacrylic esters such as methyl or 
ethyl acrylate, methyl or ethyl methacrylate. When the 
selected alpha, beta-unsaturated compound contains 
oxygen, the resulting reaction product with the 5 
polyamine contains at least one amido linkage (-C(O) 
N<) and such materials are herein termed "amido- 
amines." Similarly, when the selected alpha, beta un- 
saturated compound contains sulfur, the resulting reac- 
tion product with the polyamine contains thioamide link- 10 
age (-C(S)N<) and these materials are herein termed 
"thioamido-amines." 

[0069] The post-treating reactants in group (iv), i.e. 
the polyols containing at least two reactive hydroxy 
groups, generally comprise up to 100 carbon atoms and is 
from 2 to 10, and preferably 3 to 8 hydroxy groups per 
molecule. These polyols can be quite diverse in struc- 
ture and chemical composition. For example, they can 
be substituted or unsubstituted, hindered or unhindered, 
branched chain or straight chain, etc. as desired. Typical 20 
polyols are alkylene glycols such as ethylene glycol, 
propylene glycol, and polyglycol such as diethylene gly- 
col and triethylene glycol and polyalkylene glycols in 
which the alkylene radical contains from two to eight car- 
bon atoms. Other useful polyhydric alcohols include 25 
glycerol, monomethyl ether of glycerol, pentaerythritol, 
dipenta-erythritol, the ethyl ester of 9,10-dihydroxys- 
tearic acid, 3-chloro-1, 2-propanediol, 1,2-butanediol, 
pinacol, tetrahydroxy pentane, erythritol, 1 ,4-cyclohex- 
anediol, the carbohydrates such as glucose, etc. 30 
[0070] Included among the polyols which may be em- 
ployed are the cyclic poly(methylol) compounds, such 
as 2,2,6,6-tetramethylol cyclohexanol, tetrahydro- 
3,3,5,5-tetrakis-(hydroxymethylH-pyranol and tetrahy- 
dro-3,3,5-tris-(hydroxymethyl)-5-methyl-4-pyranol; and 35 
heterocyclic polyols. 

[0071] The post-treating reactants in group (v), i.e. 
aminoalcohols having at least one reactive amino group 
and at least one reactive hydroxy group per molecule, 
include aminoalcohols containing up to about 50 total <o 
carbon atoms, preferably up to 10 total carbon atoms, 
from about 1 to 5 nitrogen atoms, preferably from 1 to 3 
nitrogen atoms, and from about 1 to 15 hydroxyl groups, 
preferably from 1 to 5 hydroxyl groups. Preferred ami- 
noalcohol compounds include the 2,2-disubstituted- 45 
2-amino-1-alkanols having from two to three hydroxy 
groups and containing a total of 4 to 8 carbon atoms. 
Examples of such amino alcohols include: 2-amino- 
2-methyl-1,3 propanediol, 2-amino-2-ethyl-1,3-propan- 
ediol, and 2-amino-2-(hydroxymethyl) 1,3-propanediol, 50 
the latter also being known as THAM or tris(hydroxyme- 
thyl)amino methane. THAM is particularly preferred be- 
cause of its effectiveness, availability, and low cost. 
[0072] The post-treating reactants (i) - (v) may be 
used alone or in admixture with one another. However, 55 
as will be discussed more fully hereinbelow, when the 
post-treating reactant comprises a polyfunctional com- 
pound, i.e. a compound containing more than one reac- 
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tive group, regardless of whether such reactive group is 
an amino group or a hydroxy group, it is necessary to 
use sufficient chain-stopping or end-capping reactant in 
combination with the polyfunctional post-treating reac- 
tant to ensure that the grafted and post-reacted product 
mixture will be gel-free. 

Chain-Stopping Reactant 

[0073] The chain-stopping or end-capping reactants 
contemplated for use in this invention include mono- 
functional reactants which are capable of reacting with 
reactive amine groups or reactive hydroxy groups 
present in the polyfunctional post-treating reactants of 
groups (iii) - (v) or with the acid producing groups which 
are grafted or otherwise attached to the isomonoolefin 
copolymer to inhibit cross linking and gelation and/or 
viscosity increase due to any further reaction of unre- 
acted amino groups or hydroxy groups in the grafted and 
aminated or esterified isomonoolefin copolymer. Pre- 
ferred chain-stopping or end-capping reactants include, 
for example, hydrocarbyl substituted dicarboxylic anhy- 
dride or acid, preferably succinic anhydride or acid, hav- 
ing from 12 to 400 carbons in the hydrocarbyl group; 
long chain monocarboxylic acid of the formula RCOOH 
where R is a hydrocarbyl group of 12 to 400 carbons in 
the hydrocarbyl group; alcohol compounds of the type 
described above in connection with the nucleophilic 
post-treating reactants of group (ii), i.e., alcohol com- 
pounds having only a single hydroxy group per mole- 
cule; and amine compounds of the type described 
above in connection with the post-treating reactants of 
group (i), i.e., amine compounds having only a single 
reactive amine group per molecule. The hydrocarbyl 
groups are essentially aliphatic and include alkenyl and 
alkyl groups. The longer chain acids and anhydrides are 
preferred, particularly when the grafting reaction is car- 
ried out in lubricating oil because of their ability to impart 
dispersancy to reacted oil molecules as well as their 
greater solubilizing effect. In one preferred embodiment, 
the chain-stopping or end-capping reactant comprises 
a C 1 2 to C 49 hydrocarbyl substituted succinic anhydride, 
e.g. a C 12 to C 18 hydrocarbyl substituted succinic anhy- 
dride. In other preferred embodiments, the hydrocarbyl 
substituent contains from 50 to 400 carbon atoms. 
[0074] Primarily because of its ready availability and 
low cost, the hydrocarbyl portion, e.g. alkenyl groups, of 
the carboxylic acid or anhydride is preferably derived 
from a polymer of a C2 to C5 monoolefin, said polymer 
generally having a M n of about 140 to 6500, e.g. 700 to 
5000, most preferably 700 to 3000. Particularly pre- 
ferred polymer is polyisobutylene. Particularly preferred 
chain-stopping reactants include polyisobutylene suc- 
cinic anhydride wherein the M n of the polyisobutylene 
portion is from 700 to 2500. 
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Pre-Reacted Post-Treating Reactant/Chain-stopping 
Reactant 

[0075] The aforesaid nucleophilic post-treating reac- 
tants (iii) - (v) having more than one reactive amino and/ 5 
or hydroxy group and the chain-stopping or end-capping 
reactants may be pre-reacted with the chain-stopping 
or end-capping reactant generally being attached to the 
post-treating reactant through salt, imide, amide ami- 
dine, ester, or other linkages so that a single reactive 10 
group of the post-treating reactant is still available for 
reaction with the acid producing moieties of the grafted 
polymer. A convenient source of these prereacted ma- 
terials are the well-known carboxylic acid derivatives 
such as succinimides used as lubricating oil disper- *5 
sants, provided they retain reactive amine and/or hy- 
droxy groups capable of further reaction with the grafted 
polymer. 

Reaction of Polymer Substituted Mono- and 20 
Dicarboxylic Acid Material with Post-Treating Reactant 

[0076] The selected polymer functionalized and graft- 
ed with acid producing moieties, e.g., isomonoolefin / 
paraalkylstyrene copolymer substituted succinic anhy- 25 
dride, can be reacted with any individual post-treating 
reactant (or post-treating reactant and chain-stopping 
or end-capping reactant) or any combination of two or 
more of any of these reactants; that is, for example, one 
or more monoreactive amines, monoreactive alcohols, 30 
polyamines, polyols and/or aminoalcohols can be used, 
so long as sufficient monoreactive reactant is used 
when a reactant having more than one reactive group 
is used, to ensure a gel-free reaction. 
[0077] The reaction between the copolymer function- 35 
alized and grafted with acid producing moieties and the 
nucleophilic post-treating and/or chain-stopping or end- 
capping reactants is readily accomplished, for example, 
by heating a solution containing 5 to 95 wt. percent of 
the polymer in a substantially inert organic solvent or 40 
diluent at from 100 to 250°C, preferably 125 to 175°C, 
generally for 1 to 10, e.g., 2 to 6 hours until the desired 
amount of water is removed. Suitable diluents include, 
for example, aliphatic, cycloaliphatic, and aromatic hy- 
drocarbons, as well as the corresponding halogenated 45 
hydrocarbons, particularly chlorinated hydrocarbons. 
These diluents are exemplified by benzene, toluene, xy- 
lene, chlorobenzenes, hexane, heptane, or mixtures of 
these. Mineral oils, particularly low viscosity mineral oils, 
are very good diluents. Preferred diluents are mineral 50 
oils of lubricating viscosity. 

[0078] Reaction ratios of copolymer substituted with 
carboxylic acid material to equivalents of amine reac- 
tant, as well as the other nucleophilic post-treating re- 
actants and chain-stopping or end-capping reactants 55 
described herein, can vary considerably, depending, e. 
g., on the reactants and type of bonds formed. Gener- 
ally, when an amine compound or other nucleophilic re- 
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actant, is reacted with a polymer substituted with car- 
boxylic acid material, i.e., polymer containing carboxylic 
acid producing moieties derived from any of the above 
monounsaturated carboxylic acids, or anhydride or es- 
ter derivatives thereof, from 0.05 to 4.0, preferably from 
0.5 to 2.0, e.g., 0.6 to 1.5, moles of carboxylic acid moi- 
ety content (e.g., grafted maleic anhydride content) is 
used, per equivalent of nucleophilic reactant. 
[0079] A preferred group of ashless dispersants, in 
accordance with the present invention, are those de- 
rived from isobutylene / paramethylstyrene copolymer 
substituted with succinic anhydride groups and reacted 
with polyethylene amines, e.g., tetraethylene pen- 
tamine, pentaethylene hexamine, polyoxyethylene or 
polyoxypropylene amines, e.g., polyoxypropylene di- 
amine, and with polyisobutylene succinic anhydride 
chain-stopping reactant. Another preferred group of 
ashless dispersants are those derived from isobutylene 
/ paramethylstyrene copolymer substituted with succinic 
anhydride groups and reacted with monofunctional het- 
erocyclic amines, e.g., N-(3-aminopropyl)morpholine. 

Oleaginous Compositions 

[0080] The compositions of the present invention 
used as dispersants can be incorporated into a lubricat- 
ing oil (or a fuel) in any convenient way. Thus, these dis- 
persants can be added directly to the lubricating oil (or 
fuel) by dispersing or dissolving the same in the lubri- 
cating oil (or fuel) at the desired level of concentration 
of the dispersant, typically in an amount of from 0.01 to 
49 wt. % of the lubricating oil (or fuel). Such blending 
into the additional lubricating oil (or fuel) can occur at 
room temperature or elevated temperatures. 
[0081] Dispersant concentrates will typically contain 
(on an active ingredient (A.I.) basis) from about 3 to 45 
wt.%, and preferably from 10 to 35 wt.%, dispersant ad- 
ditive, and typically from 30 to 90 wt.%, preferably from 
40 to 60 wt.%, base oil, based on the concentrate 
weight. 

[0082] The dispersant products of the present inven- 
tion possess very good dispersant properties as meas- 
ured herein in a wide variety of environments. When the 
products of this invention are incorporated into crude oil 
refinery process streams and other hydrocarbon fluid 
process streams, where they function as antifoulants, 
they will be generally used, e.g., in amounts of up to 1 00 
ppm, e.g., 5 to 50 ppm, of the treated stream. 
[0083] When the dispersant products of this invention 
are used in normally liquid petroleum fuels such as mid- 
dle distillates boiling from 65° to 430°C, including kero- 
sene, diesel fuels, home heating fuel oil, jet fuels, etc., 
a concentration of the additives in the fuel in the range 
of typically from 0.001 to 0.5, and preferably 0.005 to 
0.15 weight percent, based on the total weight of the 
composition, will usually be employed. The properties 
of such fuels are well known as illustrated, for example, 
by ASTM Specifications D #396-73 (Fuel Oils) and D 
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#439-73 (Gasolines) available froni the American Soci- 
ety for Testing Materials ("ASTM"). The fuel composi- 
tions of this invention can also contain other additives. 
These can include anti-knock agents, lead scavengers, 
deposit preventers or modifiers, dyes, cetane improv- 5 
ers, antioxidants rust inhibitors, bacteriostatic agents, 
gum inhibitors, metal deactivators, upper cylinder lubri- 
cants and the like. 

[0084] The dispersant products of the present inven- 
tion find their primary utility in lubricating oil composi- 10 
tions which employ a base oil in which the additives are 
dissolved or dispersed, often together with other con- 
ventional additives for such compositions. Such base . 
oils may be natural or synthetic. Base oils suitable for 
use in preparing the lubricating oil compositions of the *5 
present invention include those conventionally em- 
ployed as crankcase lubricating oils for spark-ignited 
and compression-ignited internal combustion engines, 
such as automobile and truck engines, marine and rail- 
road diesel engines, and the like. Advantageous results 20 
are also achieved by employing the additive mixtures of 
the present invention in base oils conventionally em- 
ployed in and/or adapted for use as power transmitting 
fluids, universal tractor fluids and hydraulic fluids, heavy 
duty hydraulic fluids, power steering fluids and the like. 25 
Gear lubricants, industrial oils, pump oils and other lu- 
bricating oil compositions can also benefit from the in- 
corporation therein of the additive mixtures of the 
present invention. 

[0085] The ashless dispersants of the present inven- 30 
tion will be generally used in admixture with a lube oil 
basestock, comprising an oil of lubricating viscosity, in- 
cluding natural and synthetic lubricating oils and mix- 
tures thereof. Natural oils include animal oils and vege- 
table oils (e.g., castor, lard oil) liquid petroleum oils and 35 
hydrorefined, solvent-treated or acid- treated mineral lu- 
bricating oils of the paraffinic, naphthenic and mixed 
paraffinic-naphthenic types. Oils of lubricating viscosity 
derived from coal or shale are also useful base oils. 
Alkylene oxide polymers and interpolymers and deriva- 40 
tives thereof where the terminal hydroxyl groups have 
been modified by esterification, etherification, etc., con- 
stitute another class of known synthetic lubricating oils. 
Another suitable class of synthetic lubricating oils com- 
prises the esters of dicarboxylic acids. Esters useful as 45 
synthetic oils also include those made from C 5 to C 12 
monocarboxylic acids and polyols and polyol ethers 
such as neopentyl glycol, etc. Silicon-based oils such 
as the polyalkyl-, polyaryt-, polyalkoxy-, or polyaryloxy- 
siloxane oils and silicate oils comprise another useful so 
class of synthetic lubricants. Unrefined, refined and 
rerefined oils can be used in the lubricants of the present 
invention. 

[0086] Metal-containing rust inhibitors and/or deter- 
gents are frequently used with ashless dispersants. 55 
Such detergents and rust inhibitors include the metal 
salts of sulphonic acids, alkyl phenols, sulphurized alkyl 
phenols, alkyl salicylates, naphthenates, and other oil 



soluble mono- and di-carboxylic acids. Highly basic, that 
is overbased metal salts which are frequently used as 
detergents appear particularly prone to interaction with 
the ashless dispersant. Highly basic alkaline earth metal 
sulfonates are frequently used as detergents. According 
to a preferred embodiment the invention therefore pro- 
vides a crankcase lubricating composition also contain- 
ing from 2 to 8000 parts per million of calcium or mag- 
nesium. 

[0087] A particular advantage of the dispersants of 
the invention is use with viscosity index improvers to 
form multi-grade automobile engine lubricating oils. Vis- 
cosity modifiers impart high and low temperature oper- 
ability to the lubricating oil and permit it to remain rela- 
tively viscous at elevated temperatures and also exhibit 
acceptable viscosity or fluidity at low temperatures. Vis- 
cosity modifiers are generally high molecular weight hy- 
drocarbon polymers including polyesters. The viscosity 
modifiers may also be derivatized to include other prop- 
erties or functions, such as the addition of dispersancy 
properties. These oil soluble viscosity modifying poly- 
mers will generally have M n 's of from 10 3 to 10 6 , prefer- 
ably 10 4 to 10 6 , e.g., 20,000 to 250,000, as determined 
by gel permeation chromatography or osmometry. 
[0088] Examples of suitable hydrocarbon polymers 
include homopolymers and copolymers of two or more 
monomers of C 2 to C 30 , e.g. C 2 to C 8 olefins, including 
both alpha olefins and internal olefins, which may be 
straight or branched, aliphatic, aromatic, alkyl-aromatic, 
cycloaliphatic, etc. Frequently they will be of ethylene 
with C 3 to C 30 olefins, particularly preferred being the 
copolymers of ethylene and propylene. Other polymers 
can be used such as polyisobutylehes, homopolymers 
and copolymers of C 6 and higher alpha olefins. The pre- 
ferred hydrocarbon polymers are ethylene copolymers 
containing from 15 to 90 wt.% ethylene, preferably 30 
to 80 wt.% of ethylene and 10 to 85 wt.%, preferably 20 
to 70 wt.% of one or more C 3 to C 28 , preferably C 3 to 
C 18 , more preferably C 3 to C 8 , alpha-olefins. 
[0089] Dihydrocarbyl dithiophosphate metal salts are 
frequently used as anti-wear agents and also provide 
antioxidant activity. The zinc salts are most commonly 
used in lubricating oil in amounts of 0.1 to 10, preferably 
0.2 to 2 wt. %, based upon the total weight of the lubri- 
cating oil composition. They may be prepared in accord- 
ance with known techniques by first forming a dithio- 
phosphoric acid, usually by reaction of an alcohol or a 
phenol with P 2 S 5 and then neutralizing the dithiophos- 
phoric acid with a suitable zinc compound. The antioxi- 
dants useful in this invention include oil soluble copper 
compounds. The copper may be blended into the oil as 
any suitable oil-soluble copper compound. By oil-solu- 
ble we mean the compound is oil soluble under normal 
blending conditions in the oil or additive package. 
[0090] Corrosion inhibitors, also known as anti-corro- 
sive agents, reduce the degradation of the metallic parts 
contacted by the lubricating oil composition. Illustrative 
of corrosion inhibitors are phosphosulfurized hydrocar- 
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bons and the products obtained by reaction of a phos- 
phosulfurized hydrocarbon with an alkaline earth metal 
oxide or hydroxide, preferably in the presence of an 
alkylated phenol or of an alkylphenol thioester, and also 
preferably in the presence of carbon dioxide. 5 
[0091] Oxidation inhibitors reduce the tendency of 
mineral oils to deteriorate in service which deterioration 
can be evidenced by the products of oxidation such as 
sludge and varnish-like deposits on the metal surfaces 
and by viscosity growth. Such oxidation inhibitors in- 10 
elude alkaline earth metal salts of alkylphenolthioesters 
having preferably C 5 to C 12 alkyl side chains, calcium 
nonylphenol sulfide, barium t-octylphenyl sulfide, dioc- 
tylphenylamine, phenylalphana-phthylamine, phospho- 
sulfurized or sulfurized hydro-carbons, etc. 15 
[0092] Friction modifiers serve to impart the proper 
friction characteristics to lubricating oil compositions 
such as automatic transmission fluids. Representative 
examples of suitable friction modifiers are fatty acid es- 
ters, amides; and molybdenum complexes of 20 
polyisobutenyl succinic anhydride-amino alkanols. 
[0093] Pour point depressants lower the temperature 
at which the lubricating oil will flow or can be poured. 
Foam control can be provided by an antifoamant of the 
polysiloxane type, e.g. silicone oil and polydimethyl si- 25 
loxane. Organic, oil-soluble compounds useful as rust 
inhibitors in this invention comprise nonionic surfactants 
such as polyoxyalkylene polyols and esters thereof. 
Other suitable demulsifiers include esters. The liquid 
polyols available from Wyandotte Chemical Co. under 30 
the name Pluronic Polyols and other similar polyols are 
particularly well suited as rust inhibitors. 
[0094] These compositions of our invention may also 
contain other additives and other metal containing ad- 
ditives, for example, those containing barium and sodi- 35 
urn: The lubricating composition of the present invention 
may also include copper lead bearing corrosion inhibi- 
tors. Typically such compounds are the thiadiazole 
polysulphides containing from 5 to 50 carbon atoms, 
their derivatives and polymers thereof. Preferred mate- 40 
rials are the derivatives of 1 ,3,4-thiadiazoles; especially 
preferred is the compound 2,5 bis (t-octadithio)- 
1 ,3,4-thiadiazole commercially available as Amoco 1 50. 
Other suitable additives are the thio and polythio sul- 
phenamides of thiadiazoles such as those described in 45 
GB-A-1 560830. Some of these numerous additives can 
provide a multiplicity of effects, e.g., a dispersant-oxida- 
tion inhibitor. When these various additives are included 
in a lubricating composition, it is preferred that they be 
present in a total amount from 0.01 to 10, preferably 0.1 50 
to 5.0 weight percent based on the weight of the final 
composition. 

[0095] When a number of additives are employed, it 
may be desirable, although not necessary, to prepare 
additive concentrates comprising concentrated solu- 55 
tions or dispersions of the novel dispersants of this in- 
vention together with one or more of said other additives 
whereby several additives can be added simultaneously 



to the base oil to form the lubricating oil composition. It 
is common practice to introduce the additives in the form 
of 10 to 80 wt. %, e.g., 20 to 80 wt. % active ingredient 
concentrates in hydrocarbon oil, e.g. mineral lubricating 
oil, or other suitable solvent. Dissolution of the additive 
concentrate into the lubricating oil may be facilitated by 
solvents and by mixing accompanied with mild heating, 
but this is not essential. 

[0096] All of said weight percents expressed herein 
(unless otherwise indicated) are based on active ingre- 
dient (A.I.) content of the additive, and/or upon the total 
weight of any additive-package, or formulation which will 
be the sum of the A.I. weight of each additive plus the 
weight of total oil or diluent. The following examples are 
provided by way of illustration only. 

Comparative Example and Example 1 

[0097] For comparative purposes, polyisobutylene 
(M n = 1 000) is charged to a reactor and brought to 21 0°C 
by external heating and internal mixing. Maleic anhy- 
dride (0.51 mmole/g of reaction mixture) is added fol- 
lowed by the peroxide . Mixing at 210°C with is contin- 
ued for 3 minutes, timed from the addition of the perox- 
ide. The recovered material is heated in a vacuum oven 
at 140°C for 18 hours to remove unreacted maleic an- 
hydride. Its infrared spectrum shows small bands due 
to grafted maleic anhydride and maleic acid at about 
1 790 and 1715 cm- 1 , respectively. The acid is the minor 
component and its presence is attributed hydrolysis of 
the anhydride by atmospheric moisture. The ratio of the 
sum of the absorbances of these two bands to that of a 
typical polyisobutylene band at about 950 cm' 1 is used 
as a measure of the functionality introduced into the pol- 
ymer. By comparison of this ratio with the similar ratio 
for a series of blends of dodec-2-enylsuccinic anhydride 
and polyisobutylene, an estimate of the sum of the graft- 
ed maleic anhydride and maleic acid content of the re- 
covered material is obtained. Similarly, samples of iso- 
butylene / paramethylstyrene copolymer containing ap- 
proximately 5 and 7.5 wt. % paramethylstyrene and hav- 
ing a number average molecular weight of 1000 are 
grafted with maleic anhydride according to the proce- 
dure of the comparative example, above. The estimated 
grafting efficiencies achieved for the paramethylstyrene 
copolymers exceed that of the polyisobutylene polymer. 

Example 2 

Amination with an amine which contains only 1 reactive 
nitrogen. 

[0098] Separately, 200 gms of each of the modified 
paramethylstyrene copolymers of Example 1 are placed 
in a suitable glass reactor. N-(3-aminopropyl) morpho- 
line is added to the reactor corresponding approximately 
to stoichiometric equivalence to grafted maleic anhy- 
dride and the temperature increased to 160°C. Stirring 
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of the mixture is continued for 3 hours, and then a stream 
of nitrogen is maintained through the reaction mixture 
to remove unreacted N-(3-aminopropyl) morpholine and 
water of reaction. The temperature is then raised to 
1 80°C for 30 minutes to complete the removal. The re- 5 
action products are gel-free imide products which are 
effective as dispersants. 

Example 3 

10 

Amination with a polyamine and a chain stopper 
(polyisobutanyl succinic anhydride). 

[0099] Separately, 200 gms of each of the modified 
paramethylstyrene copolymers of Example 1 are placed *5 
in a suitable glass reactor equipped with adequate stir- 
ring. The reactor is purged with nitrogen for 30 minutes 
and the contents are heated to about 100°C. About 350 
gms of polyisobutenyl succinic anhydride having an 
ASTM t D-64 Sap. No. 112 which are diluted with 350 20 
gms of solvent 1 00N diluent oil are added to the polymer 
with stirring and the temperature is raised to about 
190°C. The reaction mixture is held at that temperature 
with nitrogen stripping for 3 hours, followed by cooling. 
The resulting product is a viscous liquid substantially 25 
free of gel. 



Claims 

30 

1 . A grafted polymer composition comprising (A) a co- 
polymer selected from the group consisting of a co- 
polymer of a C 4 to C 7 isomonoolefin and a para- 
alkylatyrene, a halogen-containing copolymer of a 

C 4 to C 7 isomonoolefin and a para-alkylstyrene, and 35 
mixtures thereof; and grafted thereto, (B) an un- 
saturated organic compound which grafts to said 
para-alkyl group bonded at the styrene ring of the 
copolymer, the compound selected from the group 
consisting of an unsaturated carboxylic acid, an un- *o 
saturated carboxylic acid anhydride, amide, imide 
and ester and mixtures thereof, wherein said graft- 
ed polymer has a number average molecular weight 
of less than 25,000. 

45 

2. The grafted polymer of Claim 1 , wherein said copol- 
ymer (A) is selected from the group consisting of a 
copolymer of isobutylene and para-methylstyrene, 
a halogen-containing copolymer of isobutylene and 
para-methylstyrene and mixtures thereof. 50 

3. The grafted polymer of Claim 2, wherein said 
number average molecular weight is from 500 to 
24,000. 

55 

4. The grafted polymer of Claim 1 wherein said un- 
saturated organic compound in a carboxylic acid 
selected from the group consisting of a C 3 to C 12 



monocarboxylic acid, a C 3 to C 12 polycarboxylic ac- 
id and mixtures thereof. 

5. The grafted polymer of Claim 4, wherein said car- 
boxylic acid is a polycarboxylic acid selected from 
the group consisting of maleic acid, fumaric acid, 
citraconic acid, mesaconicacid, itaconic acid, himic 
acid, acetylenedicarboxylic acid and mixtures 
thereof. 

6. The grafted polymer of Claim 1 , wherein said un- 
saturated organic compound is selected from the 
group consisting of maleic anhydride, himic anhy- 
dride, itaconic anhydride, mono-esters of diacids, 
di-esters of diacids, mono-amides of diacids, di- 
amides of diacids, imides of diacids, and mixtures 
thereof. 

7. An oil-soluble functionalized and grafted C 4 to C 7 
isomonoolefin / para-alkylstyrene copolymer com- 
position prepared by grafting onto said p-alkyl group 
of said copolymer, mono- or dicarboxylic acid pro- 
ducing moieties having 1 to 2 carboxylic acid-pro- 
ducing groups per moiety such that said functional- 
ized and grafted copolymer contains an average of 
0.5 to 5 grafted acid producing moieties per polymer 
chain, and wherein said grafted copolymer has a 
number average molecular weight of less than 
25,000. 

8. A process for producing a grafted polymer compo- 
sition comprising reacting; (A) a copolymer selected 
from the group consisting of a copolymer of a C 4 to 
C 7 isomonoolefin and a para-alkylstyrene, a halo- 
gen-containing copolymer of a C 4 to C 7 isomo- 
noolefin and a para-alkylstryrene, and mixtures 
thereof, with; (B) an unsaturated organic compound 
selected from the group consisting of an unsaturat- 
ed carboxylic acid, an unsaturated carboxylic acid 
anhydride, amide, imide and ester and mixtures 
thereof, in the presence of a free radical initiator, 
wherein said grafted polymer has a number aver- 
age molecular weight of less than 25,000. 

9. The process of Claim 8, wherein said free radical 
initiator is a compound selected from the group con- 
sisting of organic peroxides, molecular oxygen and 
mixtures thereof. 

10. The process of Claim 8, wherein said free radical 
initiator is an electromagnetic radiation source. 

11. The process of claim 8, wherein the number aver- 
age molecular weight of said grafted polymer is 
from 500 to 24,000. 

12. The process of Claim 8, wherein said reaction is 
conducted in the presence of a diluent or wherein 
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said copolymer A is in the fluid state. 

13. The process of claim 8, wherein said reaction step 
is carried out at a temperature of between 0°C and 
300°C. 

14. The process of Claim 8, wherein said copolymer A 
is selected from the group consisting of a copolymer 
of isobutylene and para-methylstyrene, a bromine- 
containing copolymer of isobutylene and para- 
methylstyrene, and mixtures thereof. 

15. The process of Claim 8 or Claim 14, wherein said 
unsaturated organic compound is selected from the 
group consisting of maleic anhydride, N-ethylmale- 
imide and mixtures thereof. 

16. The grafted polymer composition of claim 3, said 
grafted copolymer further functionalized so as to in- 
clude at least one group selected from the group 
consisting of: 

(a) alkyl phenol and substituted alkyl phenol; 

(b) C 3 to C 10 monocarboxylic acid, C 1 to C 5 al- 
cohol derived mono- or diester derivatives of 
said C 3 to C 10 monocarboxylic acid; 

(c) C 4 to C 10 dicarboxylic acid or anhydride; 

(d) C 1 to C 5 alcohol derived mono- or diester 
derivatives of said C 4 to C 10 dicarboxylic acid; 
and 

(e) oxycarboxyl, carbonyl, formylcarbonyl, 
epoxy and hydroxyl groups. 

17. The grafted polymer composition of claim 16, said 
grafted copolymer further comprising the reaction 
product of at least one functional group and a de- 
rivative reactant compound. 

18. A lubricating oil concentrate containing from 10 to 
80 wt % of the polymer composition as recited in 
claim 3. 

19. A lubricating oil composition containing from 0.1 to 
20 wt % of the polymer composition as recited in 
claim 3. 

20. The derivatized copolymer of claim 17 in which the 
functionalized copolymer is reacted with at least 
one nucleophilic reagent selected from amines, al- 
cohols, metal reactants, and mixtures thereof. 

21. A derivatized copolymer comprising the reaction 
product of functionalized copolymer of claim 16, fur- 
ther alkylated with 

(a) at least one alkyl-substituted hydroxyaro- 
matic compound formed by the alkylation of at 
least one hydroxy aromatic compound with a 



copolymer as claimed in claim 3; 

(b) at least one aldehyde reactant; and 

(c) at least one nucleophilic reactant. 

5 22. A lubricating oil composition comprising a major 
amount of a lubricating base oil, lubricating oil flow 
improver, and a minor amount of oil soluble grafted 
copolymer as claimed in any of claims 1 to 3. 

10 23. The lubricating oil composition of claim 22, contain- 
ing from 0.01 to 5 weight percent of the lubricating 
oil flow improver and from 0.1 to 20 weight percent 
of said grafted copolymer, based on the total weight 
of the composition. 

15 

24. A lubricating oil composition comprising base oil 
and, as a dispersant additive, a functionalized or 
derivatized grafted copolymer as claimed in any of 
claims 16 or 21, in the form of either: 

20 

(a) a concentrate containing from 11 to 80 
weight percent of the dispersant additive; or 

(b) a composition containing from 0.1 to 10 
weight percent of the dispersant additive. 

25 

Patentanspruche 

1 . Gepfropfte Polymerzusammensetzung, die (A) Co- 
30 polymer ausgewahlt aus der Gruppe bestehend aus 
Copolymer von C 4 - bis C 7 - Isomonoolefin und para- 
Alkylstyrol, halogenhaltigem Copolymer von C 4 - bis 
C 7 -lsomonoolefin und para-Alkylstyrol und Mi- 
schungen derselben, und darauf aufgepfropft (B) 
35 ungesattigte organische Verbindung umfafM, die 
auf die an den Styrolring des Copolymers gebun- 
dene para-Alkylgruppe aufpfropft und ausgewahlt 
ist aus der Gruppe bestehend aus ungesattigter 
Carbonsaure, ungesattigtem Carbonsaureanhy- 
40 drid, -amid, -imid und -ester sowie Mischungen der- 
selben, wobei das gepfropfte Polymer ein durch- 
schnittliches Molekulargewicht (Zahlenmittel) von 
weniger als 25 000 hat. 

45 2. Gepfropftes Polymer nach Anspruch 1 , bei dem das 
Copolymer (A) ausgewahlt ist aus der Gruppe be- 
stehend aus Copolymer von Isobutylen und para- 
Methyl sty rol, halogenhaltigem Copolymer von Iso- 
butylen und para-Methylstyrol und Mischungen der- 

50 selben. 

3. Gepfropftes Polymer nach Anspruch 2, bei dem das 
durchschnittliche Molekulargewicht (Zahlenmittel) 
500 bis 24 000 betragt. 

55 

4. Gepfropftes Polymer nach Anspruch 1 , bei dem die 
ungesattigte organische Verbindung eine Carbon- 
saure ausgewahlt aus der Gruppe bestehend aus 
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C 3 - bis C 12 -Monocarbonsaure, C 3 - bisC 12 -Polycar- 
bonsaure und Mischungen derselben ist. 

5. Gepfropftes Polymer nach Anspruch 4, bei dem die 
Carbonsaure eine Polycarbonsaure ausgewahlt 5 
aus der Gruppe bestehend aus Maleinsaure, Fu- 
marsaure, Citraconsaure, Mesaconsaure, Itacon- 
saure, Btcyclo[2.2.1]hept-5-en-2,3-dicarbonsaure, 
Acetyl end icarbonsau re und Mischungen derselben 

ist. w 

6. Gepfropftes Polymer nach Anspruch 1 , bei dem die 
ungesattigte organische Verbindung ausgewahlt ist 
aus der Gruppe bestehend aus Maleinsaureanhy- 
drid, Bicyclo[2.2.1]hept-5-en-2,3-dicarbonsaurean- *5 
hydrid, Itaconsaureanhydrid, Monoestern von Di- 
sauren, Diestern von Disauren, Monoamiden von 
Disauren, Diamiden von Disauren, Imiden von Di- 
sauren und Mischungen derselben. 

20 

7. Ollbsliche funktionalisierte und gepfropfte C 4 - bis 
C 7 -lsomonoolefin/para-Alkylstyrol-Copolymerzu- 
sammensetzung, die hergestellt ist, indem auf die 
p-Alkylgruppe des Copolymers Mono- oder Dicar- 
bonsaure erzeugende Anteile mit 1 bis 2 carbon- 25 
saureerzeugenden Gruppen pro Anteil aufgepfropft 
werden, so dad das funktionalisierte und gepfropfte 
Copolymer durchschnittlich 0,5 bis 5 gepfropfte 
saureerzeugende Anteile je Polymerkette enthalt 
und wobei das gepfropfte Copolymer ein durch- 30 
schnittliches Molekulargewicht (Zahlenmittel) von 
weniger als 25 000 hat. . 

8. Verfahren zur Herstellung von gepfropfter Polymer- 
zusammensetzung, bei dem (A) Copolymer ausge- 35 
wahlt aus der Gruppe bestehend aus Copolymer 
von C 4 - bis C 7 -lsomonoolefin und para-Alkylstyrol, 
halogenhaltigem Copolymer von C 4 - bis C 7 -lsomo- 
noolefin und para-Alkylstyrol und Mischungen der- 
selben mit (B) ungesattigter organischer Verbin- <o 
dung ausgewahlt aus der Gruppe bestehend aus 
ungesattigter Carbonsaure, ungesattigtem Carbon- 
saureanhydrid, -amid, -imid und -ester sowie Mi- 
schungen derselben in Gegenwart von freiradikali- 
schem Initiator umgesetzt wird, wobei das gepfropf- 45 
te Polymer ein durchschnittliches Molekulargewicht 
(Zahlenmittel) von weniger als 25 000 hat. 

9. Verfahren nach Anspruch 8, bei dem der freiradika- 
lische Initiator eine Verbindung ausgewahlt aus der 50 
Gruppe bestehend aus organischen Peroxiden, 
molekularem Sauerstoff und Mischungen dersel- 
ben ist. 

10. Verfahren nach Anspruch 8, bei dem der freiradika- 55 
lische Initiator eine Quelle fur elektromagnetische 
Strahlung ist. 



11. Verfahren nach Anspruch 8, bei dem das durch- 
schnittliche Molekulargewicht (Zahlenmittel) des 
gepfropften Polymers 500 bis 24 000 betragt. 

12. Verfahren nach Anspruch 8, bei dem die Reaktion 
in Gegenwart von Verdiinnungsmittel durchgefuhrt 
wird oder bei dem sich Copolymer A in flieftfahigem 
Zustand befindet. 

13. Verfahren nach Anspruch 8, bei dem die Reaktions- 
stufe bei einer Temperaturzwischen 0°C und 300°C 
durchgefuhrt wird. 

14. Verfahren nach Anspruch 8, bei dem Copolymer A 
ausgewahlt ist aus der Gruppe bestehend aus Co- 
polymer von Isobutylen und para-Methylstyrol, 
bromhaltigem Copolymer von Isobutylen und para- 
Methylstyrol und Mischungen derselben. 

15. Verfahren nach Anspruch 8 oder Anspruch 14, bei 
dem die ungesattigte organische Verbindung aus- 
gewahlt ist aus der Gruppe bestehend aus Malein- 
saureanhydrid, N-Ethylmaleimid und Mischungen 
derselben. 

16. Gepfropfte Polymerzusammensetzung nach An- 
spruch 3, bei der das gepfropfte Copolymer zusatz- 
lich funktionalisiert ist, so dad es mindestens eine 
Gruppe ausgewahlt aus der Gruppe bestehend aus 

(a) Alkylphenol und substituiertem Alkylphenol, 

(b) C 3 - bis C 10 -Monocarbonsaure, von C r bis 
C 5 -Alkohol abgeleiteten Mono- oder Diesterde- 
rivaten der C 3 - bis C 10 -Monocarbonsaure, 

(c) C 4 - bis C 10 -Dicarbonsaure oder -anhydrid, 

(d) von C r bis C 5 -Alkohol abgeleiteten Mono- 
oder Diesterderivaten der C 4 - bis C 10 -Dicar- 
bonsaure, und 

(e) Oxycarboxyl-, Carbonyl-, Formylcarbonyh 
Epoxy- und Hydroxylgruppen 

einschliefit. 

17. Gepfropfte Polymerzusammensetzung nach An- 
spruch 1 6, bei der das gepfropfte Copolymer ferner 
das Reaktionsprodukt von mindestens einer funk- 
tionellen Gruppe und einer Derivatreaktantverbin- 
dung umfafct. 

1 8. Schmierolkonzentrat, das 1 0 bis 80 Gew.% der Po- 
lymerzusammensetzung gemafc Anspruch 3 ent- 
halt. 

19. Schmierolzusammensetzung, die 0,1 bis 20 Gew. 
% der Polymerzusammensetzung gemafi An- 
spruch 3 enthalt. 

20. Derivatisiertes Copolymer nach Anspruch 17, bei 



16 



EP 0 787 157 B1 32 



dem das funktionalisierte Copolymer mit minde- 
stens einem nukleophilen Reagenz ausgewahlt aus 
Aminen, Alkoholen, Metallreaktanten und Mischun- 
gen derselben umgesetzt ist. 

5 

21. Derivatisiertes Copolymer, das das Reaktionspro- 
dukt von funktionalisiertem Copolymer gemafi An- 
spruch 16 umfafit, das ferner alkyliert ist mit 

(a) mindestens einer alkylsubstituierten hydro- 10 
xyaromatischen Verbindung, die durch die Al- 
kylierung von mindestens einer hydroxyaroma- 
tischen Verbindung mit Copolymer gemafi An- 
spruch 3 gebildet ist, 

(b) mindestens einem Aldehydreaktanten und 15 

(c) mindestens einem nukleophilen Reaktan- 
ten. 

22. Schmierolzusammensetzung, die eine grofiere 
Menge Schmierbasisol, Schmierolflieliverbesserer 20 
und eine geringere Menge ollosliches gepfropftes 
Copolymer gemaft einem der Anspruche 1 bis 3 
enthalt. 

23. Schmierolzusammensetzung nach Anspruch 22, 25 
die, bezogen auf das Gesamtgewicht der Zusam- 
mensetzung, 0,01 bis 5 Gew.% des 
Schmierolfliefiverbesserers und 0,1 bis 20 Gew.% 
des gepfropften Copolymers enthalt. 

30 

24. Schmierolzusammensetzung, die Basisol und als 
Dispergiermitteladditiv funktionalisiertes oder deri- 
vatisiertes gepfropftes Copolymer gemafi einem 
der Anspruche 16 oder 21 umfalit und in Form von 

35 

(a) Konzentrat, das 11 bis 80 Gew.% des Dis- 
pergiermitteladditivs enthalt, oder 

(b) einer Zusammensetzung vorliegt, die 0,1 
bis 10 Gew.% des Dispergiermitteladditivs ent- 
halt. 40 



Revendlcations 

1 . Composition de polymere greffe comprenant (A) un 45 
copolymere choisi dans le groupe consistant en un 
copolymere d'une isomono-olefine en C 4 a C 7 et 
d'un para-alkylstyrene, un copolymere halogene 
d'une isomono-olefine en C 4 a C 7 et d'un para-alk- 
ylstyrene, et des melanges de ces copolymeres ; so 
auxquels est greffe (B) un compose organique non 
sature qui se greffe au groupe para-alkyle lie au 
noyau de styrene du copolymere, ce compose etant 
choisi dans le groupe consistant en un acide car- 
boxylique non sature, un anhydride, amide, imide 55 
et ester d'acide carboxylique non sature et des me- 
langes de ces composes, le polymere greffe ayant 
un poids moleculaire en moyenne numerique infe- 



rieur a 25 000. 

2. Polymere greffe suivant la revendication 1 , dans le- 
quel le copolymere (A) est choisi dans le groupe 
consistant en un copolymere d'isobutylene et de pa- 
ra-methylstyrene, un copolymere halogene d'isobu- 
tylene et de para-methylstyrene et des melanges 
de ces copolymeres. 

3. Polymere greffe suivant la revendication 2, dans le- 
quel le poids moleculaire en moyenne numerique 
va de 500 a 24 000. 

4. Polymere greffe suivant la revendication 1 , dans le- 
quel le compose organique non sature est un acide 
carboxylique choisi dans le groupe consistant en un 
acide monocarboxylique en C 3 a C 12 , un acide po- 
lycarboxylique en C 3 a C 12 et des melanges de ces 
acides. 

5. Polymere greffe suivant la revendication 4, dans le- 
quel I'acide carboxylique est un acide polycarboxy- 
lique choisi dans le groupe consistant en I'acide ma- 
leique, I'acide fumarique, I'acide citraconique, I'aci- 
de mesaconique, I'acide itaconique, I'acide himi- 
que, I'acide acetylenedicarboxylique et des melan- 
ges de ces acides. 

6. Polymere greffe suivant la revendication 1 , dans le- 
quel le compose organique non sature est choisi 
dans le groupe consistant en I'anhydride maleique, 
I'anhydride himique, I'anhydride itaconique, des 
mono-esters de diacides, des diesters de diacides, 
des mono-amides de diacides, des diamides de 
diacides, des imides de diacides et des melanges 
de ces composes. 

7. Composition de copolymere isomono-olefine en C 4 
a C 7 /para-alkylstyrene soluble dans I'huile, fonc- 
tionnalise et greffe, obtenue par greffage sur le 
groupe para-alkyle du copolymere, de fragments 
producteurs d'acide monocarboxylique ou dicar- 
boxylique portant 1 a 2 groupes producteurs d'acide 
carboxylique pour chaque fragment, de maniere 
que le copolymere fonctionnalise et greffe contien- 
ne en moyenne 0,5 a 5 fragments greffes produc- 
teurs d'acide par chame de polymere, et le copoly- 
mere greffe a un poids moleculaire en moyenne nu- 
merique inferieur a 25 000. 

8. Procede de production d'une composition de poly- 
mere greffe, comprenant la reaction : (A) d'un co- 
polymere choisi dans le groupe consistant en un co- 
polymere d'une isomono-olefine en C 4 a C 7 et d'un 
para-alkylstyrene, un copolymere halogene d'une 
isomono-olefine en C 4 a C 7 et d'un para-alkylstyre- 
ne, et des melanges de ces copolymeres, avec (B) 
un compose organique non sature choisi dans le 
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groupe consistant en un acide carboxylique non sa- 
ture, un anhydride, amide, imide ou ester d'acide 
carboxylique non sature et des melanges de ces 
composes, en presence d'un initiateur de radicaux 
libres, le polymere greffe ayant un poids moleculai- 
re en moyenne numerique inferieur a 25 000. 

9. Procede suivant ia revendication 8, dans lequel I'ini- 
tiateur de radicaux libres est un compose choisi 
dans le groupe consistant en peroxydes organi- 
ques, oxygene moleculaire, et leurs melanges. 

10. Procede suivant la revendication 8, dans lequel I'ini- 
tiateur de radicaux libres est une source de rayon- 
nement electromagnetique. 

11. Procede suivant la revendication 8, dans lequel le 
poids moleculaire en moyenne numerique du poly- 
mere greffe va de 500 a 24 000. 

12. Procede suivant la revendication 8, dans lequel la 
reaction est conduite en presence d'un diluant ou 
dans lequel le copolymere (A) est a I'etat fluide. 

13. Procede suivant la revendication 8, dans lequel 
I'etape reactionnelle est conduite a une temperatu- 
re comprise entre 0°C et 300°C. 

14. Procede suivant la revendication 8, dans lequel le 
copolymere (A) est choisi dans le groupe consistant 
en un copolymere d'isobutylene et de para-methyls- 
tyrene, un copolymere brome d'isobutylene et de 
para-methylstyrene, et leurs melanges. 

15. Procede suivant la revendication 8 ou la revendica- 
tion 14, dans lequel le compose organique non sa- 
ture est choisi dans le groupe consistant en I'anhy- 
dride maleique, le N-ethylmaleimide et des melan- 
ges de ces composes. 



16. Composition de polymere greffe suivant la revendi- 
cation 3, dans laquelle le copolymere greffe est en 
outre fonctionnalise de maniere a contenir au moins 
un groupe choisi dans la serie consistant en : 

(a) un alkylphenol et un alkylphenol substitue ; 

(b) un acide monocarboxylique en C 3 a C 10 , 
des mono-esters ou diesters d'alcools en a 
C 5 de cet acide monocarboxylique en C 3 a C 10 ; 

(c) un acide ou anhydride d'acide dicarboxyli- 
que en C 4 a C 10 ; 

(d) des mono-esters ou diesters d'alcools en C t 
a C 5 de cet acide dicarboxylique en C 4 a C 10 ; et 

(e) les groupes oxycarbonyle, carbonyle, for- 
mylcarbonyle, epoxy et hydroxyle. 



10 



outre constitue par, ou contient le, produit de reac- 
tion d'au moins un groupe fonctionnel et d'un derive 
reactionnel. 

18. Concentre d'huile lubrifiante contenant 10 a 80 % 
en poids de la composition de polymere suivant la 
revendication 3. 

19. Composition d'huile lubrifiante contenant 0,1 a 20 
% en poids de la composition de polymere suivant 
la revendication 3. 
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20. Copolymere derivatise suivant la revendication 17, 
dans lequel le copolymere fonctionnalise est mis en 

is reaction a vec au moins un reactif nucleophile choisi 
entre des amines, des alcools, des corps reaction- 
nels metalliques et des melanges de ces reactifs. 

21. Copolymere derivatise comprenant le produit de 
reaction du copolymere fonctionnalise suivant la re- 
vendication 16, alkyle en outre avec 

(a) au moins un compose hydroxyaromatique 
a substituant alkyle forme par Talkylation d'au 
moins un compose aromatique hydroxyle avec 
un copolymere suivant la revendication 3 ; 

(b) au moins un aldehyde reactionnel ; et 

(c) au moins un corps reactionnel nucleophile. 

22. Composition d'huile lubrifiante comprenant une 
quantite dominante d'une huile lubrifiante de base, 
d'un agent ameliorant I'ecoulement d'une huile lu- 
brifiante et d'une quantite secondaire d'un copoly- 
mere greffe soluble dans I'huile suivant Tune quel- 
conque des revendications 1 a 3. 



23. Composition d'huile lubrifiante suivant ta revendica- 
tion 22, contenant 0,01 a 5 % en poids de I'agent 
ameliorant I'ecoulement d'une huile lubrifiante et 
0,1 a 20 % en poids du copolymere greffe, sur la 
base du poids total de la composition. 

24. Composition d'huile lubrifiante comprenant une hui- 
le de base et, comme additif dispersant, un copoly- 
mere greffe fonctionnalise ou derivatise suivant 
Tune quelconque des revendications 1 6 ou 21 , sous 
forme : 

(a) d'un concentre contenant 11 a 80 % en 
poids de I'additif dispersant ; ou 

(b) d'une composition contenant 0,1 a 10 % en 
poids de I'additif dispersant. 
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17. Composition de polymere greffe suivant la revendi- 
cation 1 6, dans laquelle le copolymere greffe est en 
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